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A CUTTER ASSEMBLY FOR CORRECTING TIRE NONUNIFORMITY 

Field of the Invention 
[001] The present invention relates to a cutter assembly for correcting tire 

nonuniformities, more particularly for correcting for radial runout conditions in tires. 

Background of the Invention 
[002] In large off the road tires, such as are used in construction or agriculture, the 

treads are formed of large tread elements often described as lugs or bars. In the 
manufacture of such tires the outside diameter or peripheral surface of the tread often 
times is not uniform within a circumferential plane relative to the distance as measured 
from the tire's axis of rotation. Assuming a tire was mounted onto a rim and the rim was 
perfectly centered on an axis of rotation, then a perfectly molded tire should have a 
constant radial distance measured from the axis to any location on the outer peripheral 
surface within any circumferential plane perpendicular to the tires axis. Unfortunately, 
the method of manufacturing tires results in many non-uniformities such that the radial 
distance from a tread elements outer surface can vary widely. In large tires this condition 
is commonly referred to as radial runout. Radial Runout creates a first harmonic 
vibration as the tire rotates. This results in harsh lug impacts that vibrate the vehicle and 
the driver. Correcting this problem can dramatically eliminate almost all of the first 
harmonic vibrations. 

[003] In U.S. Patent 6,237,402 the problem was addressed by finding a high spot on the 

tire and then shifting a rim disk relative to the rim toward the location of the maximum 
radial runout by a distance half the amount, thereby minimizing the amount of runout. 
This prior art method while being a great field expedient did not truly correct the tires 
condition but simply masked the problem. The tires runout conditions are not limited to 
one high spot and one low spot across the entire tread width. In U.S. Patent 6,237,402 
the equatorial center plane in the crown of the tire was the only circumferential plane 
measured. The movement of the rim disk quite frankly could only address one worst- 
case condition at a time. Accordingly the best that could be achieved was a minimizing 
of the problem. 



[004] In a more complex analysis of the tires tread profile it is well known that 

variations in the tire profile can occur anywhere between the tread shoulders. 
Accordingly the tires entire lateral profile should be considered when looking for radial 
runout conditions. 

[005] Wada, et al in U.S. Patent 5,485,406 describes an apparatus and a method for 

detecting the tread profile of a tire mounted about an X axis comprising a non contact Y 
detection means movable parallel to the X axis for measuring the distance at a right angle 
between such means and the peripheral surface of the tread. The method is applied to the 
measurement of a profile of a tire when the X and Y data are divided into groups for the 
crown and shoulder portions of the tire respectively. The method also includes 
computation of radial runout of the tire using regular rotation position data output 
corresponding to particular X and Y values for rotation of the tire. 

[006] While Wada appreciates the problem of measuring a test tire for the profile of the 

tread, this has little useful value if corrective measures are not taken. In small tires such 
as passenger or light truck tires subtle design changes can be made to minimize runout. 
In some cases tires can be force grinded to take down high spots. 

[007] In large tires such as agricultural tires the use of force grinding can be used, 

however, the appearance is usually very noticeable. Secondarily, the amount of material 
that needs to be grinded is substantially larger than is commonly required in smaller tires. 
This can be time consuming but more importantly the rubber dust created in grinding 
operations requires more sophisticated material handling and removal systems. 

[008] It is an object of the present invention to provide a reliable way to inspect a tire, 

even a large agricultural or off-road tire, for radial runout. 

[009] It is a further object of the present invention to correct for the runout condition in 

a fast and reliable manner while minimizing the amount of tread rubber that is required 
to be removed. 

[0010] It is a further object of the invention to provide a like new polished rubber finish 

on the tire after correcting for radial runout. 
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Summary of the Invention 

[0011] A high speed cutter assembly for correcting tire nonuniformities in the tread is 

disclosed. The cutter assembly has a cutting head assembly, high speed motor, a Z axis 
servo motor for moving the cutting head relative to the tread. 

[0012] The cutting head comprises a cutting head having an axis of rotation, a plurality 

of mounting surfaces, space from the axis, and a plurality of blades attached to the 
mounting surfaces. The blades are attached off center from the axis of rotation thereby 
forming a cavity for tread rubber to pass, 

[0013] The preferred cutter has three conical circular shape blades. The blades are .75 

inches in diameter and oriented on mounting surfaces 120° apart and having centers 
approximately 0.5 inches from the axis of rotation of the cutting head. 

[0014] The method is best performed when the measurements are taken in at least three 

circumferential planes, in large diameter tires more preferably in at least five separate 
circumferential planes. 

[0015] The movement of the tread removal means is controlled by directing the 

movements to follow the virtual template. For ease of apparatus construction the 
rotational movement of the tire is performed and controlled as the tread removal means 
traverses across the tread to form the profile. 

[0016] The above method is best performed by employing an apparatus having a laser 

profile measuring device mounted on a movable carriage and truing device assembly 
mounted on a movable carriage assembly. Each carriage is guided by a pair of linear 
bearing rails in the X direction of movement. The apparatus further includes a tire 
rotation device which rotates the tire for both profile measuring and truing. 

Definitions 

[0017] For ease of understanding this disclosure the following terms are disclosed: 

[0018] "Aspect Ratio" means the ratio of the tire's section height to its section width. 

[0019] "Axial" and "axially" means the lines or directions that are parallel to the axis of 

rotation of the tire. 



[0020] "Bounce"" or "Hop" means the vertical acceleration related to first Harmonic 

Radial Runout or Force Variation of each tire and rim assembly interacting with the 

other tire and rim assemblies of the vehicle. 
[0021] "Circumferential" means lines or directions extending along the perimeter of the 

surface of the annular tire parallel to the equatorial plane EP and perpendicular to the 

axial direction. 

[0022] "Design Rim" means a rim having a specified configuration and width. For the 

purposes of this specification, the design rim and design rim width are as specified by the 
industry standards in effect in the location in which the tire is made. For example, in the 
United States, the design rims are as specified by the Tire and Rim Association. In 
Europe, the rims are as specified in the European Tyre and Rim Technical 
Organization — Standards Manual and the term design rim means the same as the 
standard measurement rims. In Japan, the standard organization is The Japan 
Automobile Tire Manufacturer's Association. 

[0023] "Equatorial Plane (EP)" means the plane perpendicular to the tire's axis of 

rotation and passing through the center of its tread. 

[0024] "Footprint" means the contact patch or area of contact of the tire tread with a flat 

surface at zero speed and under normal load and pressure. 

[0025] "Inner" means toward the inside (air side) of the tire and "outer" means toward its 

exterior (road side). 

[0026] "Lateral Edge" means the axially outermost edge of the tread as defined by a 

plane parallel to the equatorial plane and intersecting the outer ends of the axially 
outermost traction lugs at the radial height of the inner tread surface. 

[0027] "Leading" refers to a portion or part of the tread that contacts the ground first, 

with respect to a series of such parts or portions, during rotation of the tire in the normal 
direction of travel. 

[0028] "Lope" means once per revolution fore & aft acceleration/deceleration related to 

first harmonic radial runout or force variation of tire and rim assembly. 

[0029] "Net-to-gross Ratio" means the ratio of the surface area of the normally loaded 

and normally inflated tire tread rubber that makes contact with a hard flat surface, 
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divided by the area of the tread, including no contacting portions such as grooves as 

measured around the entire circumference of the tire. 
[0030] "Normal Inflation Pressure" means the specific design inflation pressure assigned 

by the appropriate standard organization for the service condition for the tire. 
[0031] "Normal Load" means the load assigned by the appropriate standards 

organization for the service condition for the tire when inflated to the normal inflation 

pressure. 

[0032] "Radial" and radially" mean directions radially toward or away from the axis of 

rotation of the tire. 

[0033] "Shake" means higher frequency lug induced vibrations felt in the cab or steering 

wheel or seen in movement of the exhaust stack (no particular acceleration). 
[0034] "Shudder" means a lug induced vibration at low frequency, resulting in a vertical 

acceleration felt through the floor of the cab. 
[0035] "Trailing" refers to a portion or part of the tread that contacts the ground last, 

with respect to a series of such parts or portions during rotation of the tire in the 

preferred direction of travel. 
[0036] "Tramp" means side-to-side motion, or lateral acceleration, induced by first 

harmonic radial runout or force variations of each tire and rim assembly interacting with 

each other. 

[0037] "Tread Arc Width" (TAW) means the width of an arc having its center located on 

the equatorial plane (EP) and which substantially coincides with the radially outermost 
surfaces of the various traction elements (lugs, blocks, buttons, ribs, etc.) across the 
lateral or axial width of the tread portions of a tire when the tire is mounted upon its 
designated rim and inflated to its specified inflation pressure but not subject to any load. 

[0038] "Unit Tread Pressure" means the radial load borne per unit area (square 

centimeter or square inch) of the tread surface when that area is in the footprint of the 
normally inflated and normally loaded tire. 

[0039] "Vibration Ratings" means the subjective ride terminology wherein "slight" 

means barely noticeable; "moderate" means noticeable but not objectionable; "severe" 
means objectionable. 



Brief Description of the Drawings 

The invention will be described by way of example and with reference to the 
accompanying drawings in which: 

Figure 1 shows a chart of the typical radial runout first harmonic with the tire and 
rim in their initial positions at O.degree; one full rotation of 360° represents the entire 
profile. 

Figure 2 shows the radial runout first harmonic for a perfect out-of-round 
condition where the tire rotates about an axis that is slightly off center; 

Figure. 3 is a plan view of an exemplary tire and rim assembly; 

Figure. 4 is a cross-sectional view of the exemplary tire and rim assembly of Fig. 
3 taken along lines 4 — 4; 

Figure 5 is a top view of an exemplary apparatus for locating, measuring and 
correcting the radial runout of the tire and rim assembly and a tire aligned with the truer 
cutter assembly of the present invention; 

Figure 6 is a plan or front view of the apparatus of Figure 5 with the outer surface 
of the tire 14 aligned with the truer cutter assembly of the present invention; 

Figure 7 is a partial side view of the tire and rim assembly aligned with the laser- 
profiling device; 

Figure 8 is a partial side view of the tire and rim assembly aligned with the truer 
cutter assembly; 

Figure 9 is a top view of the entire apparatus with a tire assembled to the scisser 
lift mechanism; 

Figure 10 is a frontal view of the apparatus; 

Figure 1 1 is a partial top view of the cutting mechanism; 

Figure 12 is a partial side view of the measurement apparatus; 

Figures 13 A, 13B and 13C depict three charts which show the approximate 
vertical displacement of the axle at various tire inflation pressures for speeds of 32 
km/m, 35 km/h and 42 km/h reading left to right, the first bar being the tire wheel 
assembly prior to correcting the radial runout, the second bar representing a first 
harmonic corrective procedure, the third bar representing the simplified inventive 
method to correct the runout. 
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Figure 14 is a schematic view of the tread profile measurement locations; 

Figure 15 shows a partial plan view of the tire divided into five circumferential 
planes for measurement; 

Figure 16 is a cross sectional view taken from Figure 16 along lines 17-17; 

Figure 17 is an exemplary chart of a virtual template for a corrected profile for a 
farm tire; 

Figure 18 is a schematic flow diagram of the tire truing process of the present 
invention; 

Figures 19A through 19E represent the actual steps identified by number in the 
schematic of Figure 18; 

Figure 20 is an exploded perspective view of the truer cutter; 
Figure 21 is an end view of the assembled truer cutter. 
Figure 22 is a side view of the assembled truer cutter 

Detailed Description of the Invention 
[0041] Figure 1 shows the radial runout first harmonic measured in mm of an 

agricultural tire 10 and rim 12 assembly 14. The bold line 1 showing the assembly's 
radial runout, the dashed line 3 showing the rim 12 radial runout and the dotted line 5 
showing the tire radial runout. The initial position is at 0 degree, and traverses the entire 
360 degree around the assembly. For the purposes of this invention, the first harmonic 
represents the runout condition that is characterized by one high point and one low point. 
In other words, an out-of-round situation with one high point and one low point in each 
revolution. 

[0042] Shown in Figure 2, is the radial runout first harmonic for a perfectly round 

condition where the tire rotates about an axis that is slightly off center. As shown in 
FIG. 2, the high point 2 being shifted off of the true oval center or circular center line 7 
and the low point 4 being shifted radially inward of the true circular center line. 

[0043] The first harmonic high point, low point condition of the tire and rim assembly 14 

results in the tire 10 transmitting a harsh vibration to the driver of the vehicle. From past 
experience, the inventor has determined that the most important harmonic (for speeds up 
to 42 km/h) is the first harmonic. This first harmonic is felt as a once-per-revolution 
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bounce or lope. If the bounce or lope is bad enough, serious driver jostling in the cab 
can occur. A vast majority of the ride and handling problems associated in agricultural 
tires results from this first harmonic radial runout condition. 

[0044] As shown in Figures 3 and 4, and agricultural tire 10 is mounted to a rim 12 

forming an assembly 14. The tire rim assembly 14 has a tire 10 having an annular tread 
70. The tread 70 has a plurality of tread lugs 72. The rim 12 has two primary 
components: a radially outer annular ring or rim 20 to which the tire 10 is mounted and a 
radially inner central disk 22. The central disk 22 mounts over the axle of the vehicle 
and is bolted by means of threaded fasteners 24 to the annular outer ring or rim 20 
thereby making a completed assembly 14. With further reference to the cross-sectional 
view of Figure 4, it can be seen that the threaded fasteners 24 securely fasten the disk 22 
to the rim 20. This plurality of threaded fasteners 24 pass through clearance holes 28 in 
both the rim and disk. The clearance holes 28 must be of sufficient size to permit the rim 
20 and disk 22 to be attached easily. These clearance holes 28 can provide a 
displacement of the disk 22 relative to the rim 20 by as much as 5 mm in any one 
direction. Historically, this displacement could cause a misalignment of the axis of 
rotation of the rim assembly 14 relative to the drive axle of the vehicle due to a shifting 
of the hub clearance hole 26 of the disk 22. 

[0045] While the rim assembly 14 can contribute to radial runout, the present invention 

is directed to correcting tire nonuniformities and the ability to true large tires 
independent of the rim assembly. 

[0046] In reference to Figures 5 through 12, the exemplary semi-automatic tire 

measuring and truing apparatus 100 consists of a ridged base 30 which forms the 
foundation for all of the machine elements which is described in related patent 

application Serial No. , titled METHOD AND APPARATUS FOR 

CORRECTRING TIRE NONUNIFORMITY (Attorney Docket No. 2002-153). The 
base 30 runs the entire length of the machine 100 and provides machine mounting 
surfaces for one truing device carriage 202, one laser profiling carriage 302, and the 
entire electrical control system 400. 

[0047] The base 30 is a weldment made of large square steel tubing members 31, 32 for 

maximum strength, stability, and minimal vibration transmission. The base 30 is 
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preferably made in two sections for fabrication and shipping efficiency. The two 
sections are aligned with machined key ways and bolted together to assure ease of initial 
assembly. Elimination of long-term machine drift and a good frame of reference for 
supporting all of the machine elements is essential. The machine pads 33 on the base 30 
ensure that each subassembly is in the proper place and oriented to function as intended. 
Leveling screws 34 are integrated into the base 30 to accelerate installation. The base 30 
is designed to accommodate one truer 200 and one or more measuring devices 300. As 
shown, the machine 100 has one measuring device 300 illustrated. It is understood, 
however, that the truer device 200 can work with two measuring devices 300 and one 
truer device 200. 

[0048] The base 30 has linear bearing rails 36 and bearing blocks 37 for the truer device 

200 and measuring devices 300 to travel in the direction parallel to the drum shaft axis 
51 of the tire 10 to be trued. Throughout this specification this direction parallel to the 
drum shaft axis 51 is referred to as the X direction. Steps are provided with the base 30 
so that the operator 1 can climb onto the steps to observe and monitor the truing process 
as it is occurring as shown in Figure 9. The ridged base 30 and the accurate mounting of 
the linear bearing rails 36 are two keys to begin the high quality design and fabrication of 
the system. These mounting rails 36 are designed with tolerances of a few thousands of 
an inch across the entire length of the frame. This ensures that the profile measurements 
and cutting action are accurate to within a very high degree of reliability. 

[0049] The first subassembly or system that will be discussed in this application will be 

the laser-profiling device 300. This laser-profiling device 300 includes a carriage 302. 
The laser profiling carriage 302 travels in the X direction on the precision linear bearings 
37. The linear bearing rails 36 are mounted to the base 30 with a high level of accuracy 
as was previously discussed. As shown in Figure 12, the top of laser profiling carriage 
301 travels in the Y direction perpendicular to the tire holding axis 51 via the precision 
linear bearings 303 and bearing rail 304. The linear bearings 303 are mounted to the 
profiling carriage weldment 305. The laser profiling carriage weldment 305 is a robust 
steel construction designed for strength and rigidity. An encoder 310 is mounted to the 
underside of the laser profiling carriage 302. A spur gear 31 1 is mounted to the encoder 
shaft 312 which engages a stationary gear rack 309 mounted to the base 30. This advises 
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the electronic position location of the laser profiling carriage 302 in the X direction and 
ensures that the exact location of the carriage 302 is known at all times. As shown in 
Figure 12, a reverse engraved plastic laminate scale 306 and pointer 307 are attached to 
the Y-axis to advise position visibility of the laser profiling carriage 302 in this plane of 
motion. The laser profiling carriage 302 is manually moved in both the X and Y 
directions by the operator 1. The pushing or pulling force is only few pounds due to the 
low friction of the precision linear bearings 37. Manually activated toggle locks 320 are 
used to maintain the laser profiling carriage 302 position after movement by the operator 
1 . Mountings are provided for both the measuring laser sensor 314 and the laser 
centerline light 315. A manual micro adjustment light assembly 330 is provided to move 
both measuring laser sensor 314 and the laser centerline light 315 in small increments for 
precise positioning of the tire 10. Provision has been made in the design of the system so 
that a second and identical laser profiling device 300 can be added to the opposite end of 
the base 300. This enables this system to be expanded to a process where two tires 10 
can be worked on simultaneously one tire being measured while the second tire is being 
trued. 

[0050] With reference to the truing device assembly 200, we refer to Figures 5, 6, 8, 9, 

10 and 1 1 again. The truing device assembly 200 consists of an X-axis direction- 
traversing sled 202 for gross movements. The sled 202 travels in the X direction on the 
precision linear bearings 37 attached to the linear bearing rails 36. The linear bearing 
rails 36 are mounted to the base 30 as discussed in the previous paragraphs. This 
provides for the gross movement of the assembly 200 to move from a side position to the 
tire centerline position. Movement is provided by a gear motor/sprocket/timing drive 
belt combination 204. The following equipment is mounted on the X direction- 
traversing sled 202, a two-axis X-Y direction carriage assembly 201 which supports the 
truer cutter. Both X and Y axis are servo motor driven for accurate movements of the 
truer cutter, a Z movable truer cutter assembly 250 with special cutting tool holder 251 
and multiple cutter blades 252, and a truer cutter Z axis pivot system with Z axis motor 
207 and pivot gear 208 for maintaining the truer cutter blades 252 perpendicular to the 
tire surface, and a vacuum system (not shown) for rubber chip collection. 
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[0051] With reference to the system's electrical control description, the apparatus 100 

illustrated has a control structure made up of two individual control systems which 
operate separately, however, continuously pass information back and forth. The two 
control systems are a GE 90/30PLC and a GE HMI Display Station 2000. They are 
linked via a high speed Ether Net connection. The GE 9/30PLC is an extremely 
powerful tool. The 364 model is a high performance CPU. It supports connection to an 
Ether Net network via either of two network port options. The main purpose of this 
system is to monitor inputs and outputs and to handle the motion control of the truing 
machine 200. A secondary purpose is to monitor the position of the laser profile device 
300 and carriage 302 and the output of the measurement laser sensor 314. 

[0052] There are five axis of motion on the truing device assembly 200. The X axis 

servo motor 205 and Y-axis servo motor 206 are digital servo axis. They use 20-amp 
beta series drive with a .9 KW servomotor. Both have a built in 32k serial encoder. The 
tire rotation, truer carriage, and Z-axis servo motor 207 have AC induction motors with 
variable frequency drives. All three have built-in encoders to monitor position. All five 
of these axis are wired to servo axis position cards in the PLC rack. 

[0053] The measurement laser sensor 314 sends an analog signal back to the PLC analog 

input card giving the system the distance between the laser sensor 314 and the tire 10. 
There is also an error signal which comes back from the measurement laser sensor 314 
which tells the PLC if the measurement is out of the specified range. 

[0054] The GE HMI Display Station 2000 is an industrial computer which also acts as a 

human machine interface (HMI). The Display Station has a 12.1 -inch active matrix 
resistive touch screen 2002 with an integrated keypad 2004. It also has an AMDK6-2 
350 megahertz, 128-megabyte ram, 6 gigabyte HD and runs Windows NT 4.0. The 
primary software utilized in the HMI is cymplicity. Cymplicity is a family of 
supervisory monitoring and control software. The main purpose of this system is to 
perform the taxing mathematical calculations which are needed to determine the values 
of data for each tire lug 72 and in turn to create a virtual template. A secondary purpose 
is to store recipe information for each type of tire 10 and also to store the actual runout 
and truing data from each tire for up to sixty days. This information is available to other 
users throughout the Ether Net network and can be accessed from remote sites. 
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[0055] The HMI has many operator screens which will aide in the operation of the 

machine. A complete input/output diagnostic screen allows the operator to monitor these 
points without looking at the PLC. There is also a diagnostic screen for each axis of 
motion so the operator can determine if and when there is a problem. 

[0056] The data passed back and forth from the PLC to the HMI is essential to 

productiveness of the truing machine 100. The PLC passes to the HMI, the raw data 
taken from the tire 10. The HMI will analyze this data and then create a virtual template 
for the particular tire. This information is then modified and sent back to the PLC in 
order for it to manage the motion control of the truing carriage 202. As described above, 
this system is capable of laser profiling the radial runout characteristics of a range of tires 
over multiple separate concentric zones that comprise the tread surface of the tire, and 
then proceed with truing each zone to a zero runout. A limit of 6 mm runout variation 
was used initially to determine if a tire is acceptable for truing. The truing of the zones is 
controlled by virtual templates that will determine the optimum tread contour for each 
tire that minimizes the amount of tread surface removal while resulting with a zero 
runout tire across the entire tread surface. The apparatus 100 consists of one X, Y, Z 
movable truing device 200 on an X movable truing sled 202 and a Y movable truing 
carriage assembly 201 with a Z movable cutter assembly 250 and one laser profiling 
device 300 mounted on a laser carriage 302 that travel on an X axis precision linear rail 
shuttle that is floor mounted and parallel to the existing tire rotation. The laser profiling 
carriage 302 is manually moved to the centerline of the tread surface and locked into 
position. The measuring laser sensor 314 is then adjusted to the proper standoff distance 
from the tire and locked into position. The tire 10 will then begin rotating to allow the 
laser sensor 314 to measure the runout characteristics of the selected zone. This 
procedure will be repeated for the remaining zones. Following the completion of the 
laser profiling of tread surface the laser profiling carriage 302 is manually returned to its 
standby position. If the runout data falls within the 6 mm limit, the truing carriage 202 is 
automatically moved into position by servo controls to the centerline of the tread surface. 
The entire surface of the tread is then trued per the calculated virtual profile previously 
determined by the laser profiler 300. A cutting tool 260 is used for actual truing of the 
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tread surface and is capable of removing up to 6 mm of rubber in a single pass. A shop 
vacuum collecting system is used to contain the rubber cuttings. 

[0057] When developing a tire-truing machine, the prior art conventionally used metal 

templates that would provide one surface on any particular tire size. This meant that 
large amounts of rubber had to be removed in order to ensure a zero runout condition. 
Furthermore, this limited the amount of radius selection to that provided by the metal 
template. This system is very inefficient and results in a loss of tire rubber. It was 
considered that if large tires or farms tires were made with just slightly additional 
amount of rubber it would be possible to then true the tire to the exact dimensions with a 
zero runout capability. This would ensure that the outside diameters are substantially the 
same throughout the manufacturing process, however, would allow the manufacturer to 
true tires in such a fashion that each customer receives a tire with minimal radial runout. 
Radial runout on large tires such as farm tires creates severe vibration problems that can 
be both distracting and annoying to the operator. The elimination of radial runout 
ensures that the tires first harmonic will be perfect and that the tire will run relatively 
smooth at operating speeds. 

[0058] It was preferred that the production tire-truing machine be designed to use virtual 

templates rather than metal ones. The machine would calculate a new virtual template 
for each half of each tire. This method would allow the minimal amount of rubber to be 
removed from each tire while still yielding a zero runout product and satisfying the 
requirement to shave rubber from all points of all lugs for uniform appearance. In the 
application described above, it was found important that each lug 72 should be cut so 
that the finished surface all looked the same around the entire tire 10. In practice, 
however this is not necessary. Some lugs 72 may be bypassed in the virtual template and 
therefore there would be a slight appearance difference, however, no functional 
difference. It is important to understand that it is assumed that all profiles can be fit with 
two radii on each half of the tire as shown in Figure 14. The center radii Ri have their 
centers on the tire centerline. The second radii R 2 must be tangent to the first radii at a 
specified width T from the centerline, the distance W being one-half the total tread arc 
width. This ensures that a tangency or blending occurs as the radius shift from the first 
radius Ri to the second radius R 2 . It is understood on wider tires more radius may be 
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used, however a fairly efficient truing of a tire can occur using only two radii on each 
side. As an example, we will discuss a situation where a tire is measured at five specific 
locations across the tread. In that condition the system measures every lug 72 of the tire 
10 at five separate locations across the tread centerline D 0 , both shoulders D 2 and at the 
midpoints Di, chosen in advance to be close to the expected tangency point Di between 
the center and the shoulder radii. Then the equipment chooses the lowest lug from each 
of these five locations for the following calculation. These calculations are performed on 
each half of the tire independently. 
[0059] The center or first radius Ri on each side is calculated from the width and the 

drop from the centerline to the midpoint. 

Ri S dropx * T \ xi, Yi=0 (Center of True); X2LY2L=second tread arc Radius origin 
2 * drop\ 

[0060] The second radii center and radius X2, Y2, R2 are then calculated as 

X2L&R = 

r 3„ r *^2_ r * (dropi - dropi) 2 - 2 * T * (dropi - dropi) * (dropi - Ri) 
2 *t 2 - 2*T*W - 2* (dropi - dropi) * (dropi - Ri) 

(T - Xi) * (dropi - Radi) 

Y 2L&R =drop 1 

T 

Drop 1l=Low Pointe 

Center-Low Pointe 

Tangency width T 

Drop lR=other side of centerline 

Ri*(T- Xi) 
R2= 1 

T 

Will you compare (X,Y>2 & (X,Y)i 
X 2L = left side of centerline; X 2 r = Right side of centerline, Y 2 l= left side Y 2R = right 

side. 

[0061] A small offset should be added to the calculated virtual template to insure that 

any low spots between the measurements are in fact shaved. This offset can be reduced 



to a minimum. If desired, checks can be performed to make sure radii, amounts to be 
removed final runout, etc. are within acceptable limits. If not they can be adjusted 
resulting in more rubber removal in certain spots. With regard to connicity it is 
important to understand that when a truing a tire from one shoulder to the other shoulder 
using five independent zones it would be possible to create a rather conical shaped tire 
where the outside shoulder might be substantially higher than the inside shoulder and the 
tire would look somewhat cone shaped in the inflated and unloaded condition. This can 
be minimized in the virtual template by requiring a limit on the amount of connicity that 
would be tolerated on a trued tire. The virtual templates have this programmed into them 
so those tires are provided so that out of connicity condition is limited. 

Will you compare R1l &R? 

Will you compare R2l &R? 

Stored data 50 lugs max skip each other. 
The system, as shown, had the truing system designed as such that an XY shuttle 
that could either automatically or manually shuttle the truing device 200 to the centerline 
of the tire 10 and then radially move the truing device 200 to the proper standoff from 
the tire 10 was provided. The XY axis works in concert with the truing devices Z-axis to 
move the truing cutter 250 in the proper arc. In addition, two manually moved X and Y 
end lock carriages ride on the same shuttle that contains the truing device 200. These 
two outboard carriages each contain the tire runout measurement lasers. The system is 
capable of supporting two tire stands. The truing system utilizes a virtual template 
instead of a metal template as discussed. Initially, fifty virtual templates were stored in 
the controls main memory by tire size or code. The control could then form fit the 
virtual template to the best fit with the tire runout data collected by the measurement 
lasers. The overall goal was to qualify tires such that they are true at centerline and 
within 6 mm and then to trim them to zero runout at the centerline while blending the 
shoulder thickness accordingly for a fixed virtual template preprogrammed electronic 
profile or by responding to measurements taken by a laser advancing head of the truing 
tire to dynamically trim or true that slice of the tire. The concept of limiting oneself to 
fifty virtual templates per tire code achieved reasonably good results however, it was 
determined that intuitive logic of the computer system would enable artificial 
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intelligence to actually select and create its own virtual template with any range, 
therefore creating an unlimited amount of template possibilities with the objective of 
minimizing the amount of rubber that had to be removed from the tire in order to create a 
zero runout condition across the tread face. This software simply required that given 
rules were set within the perimeters of tire truing and measurements such that the 
software within the guidelines of the rules is able to create from the mathematical 
formulas the optimum virtual template. 

With reference to the truing cutter 260, initial attempts were to use a 3 -inch 
diameter-cutting wheel. The cutting wheel is a disc that basically shaves rubber off. 
Alternatively, a 5-inch blade was tried in each of these systems the cutting occurred at 
limited amounts, in other words, approximately 0.90 of an inch per pass could be cut, 
and with some optimally, depths up to 0.100 of an inch could be cut with this type of 
cutting wheel. It was determined that not only did the cutting wheel require multiple 
passes, but also it limited the smoothness of the cutter. Accordingly, a cutting tool as 
shown in Figures 20, 21 and 22 was developed that was able to cut the lugs 72 in one 
pass up to a quarter of an inch or more in depth. As shown, the Figure 21 cutting tool 
has three circular cutting blades 252 that are mounted to the cutting head 251. Preferably 
the blades are made of a tool-like steel such as carbide or tungsten carbide. These 
cutting blades 252 are rotated at very high speeds so fast that they are visually 
unobservable to the operator. As the leading edge of each cutter blade 252 enters into 
the lug 72 it cuts and as the blade 252 exits the lug 72 it polishes the lug as it makes a 
180° movement from the initial cut position. As the blades 252 come into contact with 
the lug 72 the first blade cuts and the second blade follows and trims and polishes the 
surface as the tire traverses there is a smoothing situation occurring that results in a very 
nice finish on the trued tread lug 72. The critical component of this type of cutter 260 is 
that each of the three blades 252 is slightly spaced from the centerline. This spacing 
from the centerline enables the rubber strips of shavings to move to the center and then 
fall such that they do not block or occlude the cutting head 251 any fashion. 
] The cutter head 251 provides mounting surfaces 255 oriented 120° apart. Each 

mounting surface 255 has a threaded fastening hole 256 for attaching a round or circular 
blade 252 with fasteners 257. The center of the hole 256 is spaced at distance d from the 
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centerline of the cutting head 251 as shown in Figure 21 . Preferably d is about one-half 
of an inch or less depending on the diameter of the blades 252. As shown the blades 252 
were 0.75 inches. This creates a conical opening in the center of the cutter as measured 
from the blades 252 of about one-half inch. This ensures a large opening for tread 
shavings to be removed without blocking the cutter 260. The round blades 252 as shown 
are actually conical in shape with the cutting edge at the largest diameter. 

[0065] Another important feature of the cutting head is that as designed, it permits the 

truing carriage to deliver the machine such that in the Z-axis the machine cutting point is 
always perpendicular to the tire's true axis of rotation. This is a critical feature in that 
most truing heads that are not adjustable in the Z axis would always be slightly offset 
from the tire's true radial position. By providing the capability of the truing head to 
rotate within the angles a (as shown in Figure 11) and to calculate the exact location of 
the cutter and to make that translation mathematically, it is possible to maintain the 
cutting edge at true perpendicularity with the tire's axis. This is far superior to any 
known cutter currently in use for any tire truing apparatus and it alone is a novel and 
probably most accurate way of truing a tire permitted primarily through the use of a 
unique cutter mechanism 260 that enables chunks of cut rubber to simply fall between 
the cutting blade 252 and to be picked up by the vacuum system. In order to take chunks 
of rubber a quarter of an inch thick off of a tread lug it is understood that the machine 
must operate at very high speeds. It operates with a 3.0 horsepower motor at 18,000 
rpms or greater and this motor is on a very substantial base so that vibrations are taken 
out of the equipment. This is important because the cutter 260 must cut cleanly, quickly 
and not bounce or move in any way in order to achieve this cut. What makes the cutting 
head in the system novel is that most cutting and truing machines can operate in an X 
and Y-axis only. This cutting system operates through the X and Y-axis and additionally 
adjusts in a Z-axis to achieve an optimal contour that as discussed always insures that the 
cut is absolutely perpendicular to the tire axis. 

[0066] With reference to the Figure 18, a process flow chart is illustrated. Each step in 

the process of measuring and profiling and truing the tire is identified in a numbered 
block. In Figures 19A, 19B, 19C, 19D and 19E each of the numbered blocks from 



Figure 18 is defined. The schematic of 18 and the Figures 19A through 19E provide a 
general outline or summary of the procedures that are recommended for truing a tire. 

Variations in the present invention are possible in light of the description of it 
provided herein. While certain representative embodiments and details have been shown 
for the purpose of illustrating the subject invention, it will be apparent to those skilled in 
this art that various changes and modifications can be made therein without departing 
from the scope of the subject invention. It is, therefore, to be understood that changes 
can be made in the particular embodiments described which will be within the full- 
intended scope of the invention as defined by the following appended claims. 



